IgM-mediated B cell apoptosis.
Cross-linking of surface immunoglobulin M (sIgM) on normal mature B cells induces different signaling consequences, including DNA synthesis (positive signaling) and cell cycle arrest and/or death by apoptosis (negative signaling). Presumably, the difference depends on the intensity of sIgM cross-linking: relatively weak cross-linking induces DNA synthesis, moderate cross-linking induces DNA synthesis with cell cycle arrest at the G2/M interphase, and intense cross-linking induces apoptosis. In vivo experiments with transgenic mice have shown that relatively weak cross-linking of sIgM by soluble antigens induces anergy in autoreactive B cells, whereas intense sIgM cross-linking by membrane-bound forms of antigens induces deletion of them. However, it is still unknown whether the different intensities of sIgM cross-linking generate qualitatively different signals responsible for DNA synthesis or cell death or whether they generate qualitatively the same but quantitatively different signals, and the quantitative difference is responsible for the induction of positive or negative signaling. The sIgM-mediated negative signaling presumably plays an important role in the induction and maintenance of B cell tolerance, and sIgD and sIgG also possess the machinery necessary for negative signaling. Negative signaling through sIgM is dependent on tyrosine kinase(s) and Ca2+ influx and is sensitive to cyclosporin A in certain types of B cells but not in all B cells. It has been suggested that there are different intracellular signaling pathways that transduce negative signaling via sIgM, and that activation-induced B cell death by sIgM cross-linking does not necessarily show DNA fragmentation and the morphology of apoptosis. On the other hand, sIgM-mediated B cell death may be inhibited in the presence of appropriate co-stimulators such as IL-4, alpha-, and beta-interferons and CD40-mediated signaling. The CD40-mediated signaling effectively inhibits sIgM-mediated B cell apoptosis in many but not all experimental systems. Although homotypic cell adhesion through the LFA-1/ICAM-1 dependent pathway was shown to be involved in certain types of CD40-mediated inhibition of sIgM-mediated negative signaling, it is still not known how the cytokines and CD40-mediated signaling inhibit sIgM-mediated B cell death. The molecular mechanisms responsible for sIgM-mediated negative signaling and for the inhibitory signaling against sIgM-mediated negative signaling need further elucidation.